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© Projection exposure apparatus with a device for compensating aberration of a projection lens. 



© A projection exposure apparatus for imaging a 
pattern formed on an original onto a substrate at a 
predetermined magnification to form a pattern image 
on the substrate, includes an original support mem- 
ber, a substrate support member, and a projection 
lens disposed between these support members for 
imaging the pattern onto the substrate. In the projec- 



tion exposure apparatus, a partial deviation of posi- 
tions of portions of the pattern image from regular 
positions are obtained in at least one of directions 
along and perpendicular to a surface of the pattern 
image, and the partial deviation is eliminated by 
deforming at least one of the original and the sub- 
strate based on the thus obtained result. 
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BACKGROUND OF THE INVENTION 
Field of the Inventi on 

The present Invention relates to a projection 5 
exposure apparatus, and particularly, to an expo- 
sure apparatus in which adverse influences of ab- 
errations of a projection lens such as a symmetrical 
distortion, a curvature of field and the like of the 
projection lens to a high resolution are reduced or 70 
eliminated. 

Related Background Art 

In recent years, a projection type exposure 75 
apparatus have been widely used as an apparatus 
for producing a semiconductor integrated circuit in 
order to obtain a higher resolution, a higher expo- 
sure accuracy and a greater throughput. 

In the projection exposure apparatus, there is 20 
provided a projection lens between a reticle (an 
original plate) and a silicon wafer (a substrate), and 
a circuit pattern formed on the reticle is imaged on 
the silicon water with a predetermined reduction 
ratio or reduced magnification (normally 1/5 or 25 
1/10) through the projection lens. Thus, a pattern 
image which is a reduced image of the circuit 
pattern is formed on the silicon water. In a reduc- 
tion projection type exposure apparatus, a step- 
and-repeat exposure system is generally adopted 30 
in which a silicon water is shitted each time one 
exposure has been completed and plural pattern 
images are arranged over an entire silicon wafer 
without any clearance by plural exposures, rather 
than one-shot exposure system in which a pattern 35 
image is formed over an entire silicon wafer by a 
single exposure. 

However, in order to cope with a further higher 
integration of a semiconductor integrated circuit, a 
limit to resolution which accurs in only using a 40 
reduction projection exposure apparatus to project 
a circuit pattern at a reduced ratio should be 
solved. So, it is required that the wavelength of an 
exposure light be made shorter and that an NA of a 
projection lens be made larger to improve the 45 
resolution. In this case, however, the following 
problems in turn arise due to a reduction of depth 
of focus resulting from the enlarged NA of a projec- 
tion lens and due to a greater accuracy in align- 
ment between a reticle and a silicon wafer resulting 50 
from a refined circuit pattern. 

(1) Shift of a focal point of a projection lens: 

The shift occurs because the projection lens 55 
absorbs part of exposure light, and the displace- 
ment of the focal point increases as the exposure 
proceeds, as shown in Fig. 1. When the exposure 



starts at a time to, the displacement increases with 
time and a stationary state is reached at a time ti . 
Then, if the exposure terminates at a time the 
displacement decreases with time and becomes 
zero at a time h- The displacement of the focal 
point would not be a trouble so far as its amount is 
small enough. But, if the displacement surpasses 
the range of a depth of focus, it becomes a great 
problem. 

(2) Shift of an image magnification of a projection 
lens: 

The shift also occurs since the projection lens 
absorbs part of exposure light. As shown in Fig. 2, 
the displacement of the image magnification in- 
creases as the exposure proceeds. When the expo- 
sure starts at a time to, the displacement increases 
with time and a stationary state is reached at a 
time t^. Then, if the exposure terminates at a time 
the displacement decreases with time and be- 
comes zero at a time ta. Displacement of the 
image magnification would directly influence an 
arranging accuracy of circuit patterns on the wafer, 
and this becomes a great problem when a refined 
circuit pattern is depicted on the wafer. 

(3) Symmetrical distortion of a projection lens: 

The distortion also occurs since the projection 
lens absorbs part of exposure light. The distortion 
couold not be removed even if a projection lens of 
high performance is used which is designed to 
have no distortion at a stage of production thereof. 

(4) Curvature of field of a projection lens: 

The curvature of field also occurs since the 
projection lens absorbs part of exposure light. 
When the a wafer whose exposure area is enlarged 
to 20 mmx 20 mm, it is difficult to maintain a best 
focused state over an entire exposure area of the 
wafer due to the shift of curvature of field of the 
projection lens. Thus, a limit to a higher resolution 
occurs. 

In a conventional projection exposure appara- 
tus, the problems of (1) and (2) discussed above 
are solved by the following measures (a) and (b), 
and even if a focal point and an image magification 
of the projection lens are greatly varied, these 
variations are corrected so that a circuit pattern on 
a reticle can be transferred on a silicon wafer under 
permissible conditions. But, the above-noted prob- 
lems (3) and (4) are not yet be solved. 

(a) Measures to a shift of a focal point: 

A stage on which a silicon wafer is mounted is 
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moved in a direction of an optical axis of the 
projection lens. Thus, a distance between the sili- 
con wafer and the projection lens is adjusted ac- 
cording to the displacement of the focal point of 
the projection lens. 

(b) Measures to a shift of an image magnification: 

A sealed space is provided in a given space 
between lenses consisting of a projection lens. The 
air pressure in the sealed space is adjusted ac- 
cording to the shift of the image magnification of 
the projection lens (see Japanese Patent Laid- 
Open No. 60-078454). Or, s distance between the 
reticle and the projection lens, or distances be- 
tween respective lenses consisting of the projection 
lens is adjusted according to the shift of the image 
magnification. 

Therefore, in order to obtain a still further high- 
er resolution in the conventional projection expo- 
sure apparatus, the problem about the symmetrical 
distortion of the projection lens as shown in Figs. 
3A and 3B or the curvature of field thereof must be 
solved. 

In more detail, in a reduced projection expo- 
sure apparatus wherein only the correction of a 
shift of a focal point of aprojection lens and the 
correction of a correction of animage magnification 
are performed, there is a problem that a pattern 
image 201 formed on a wafer as shown by a solid 
line in Fig. 3A has a barrel type distortion in which 
four sides of a square are curved outwardly, com- 
pared with a regular pattern image 200 as shown 
by dotted lines, when the projection lens involves a 
barrel type distortion which is a kind of symmetri- 
cal distortions. On the other hand, there is a prob- 
lem that a pattern image 202 formed on a wafer as 
shown by a solid line in Fig. 3B has a reel type 
distortion in which four sides of a square are 
curved inwardly, compared with a regular pattern 
image 200 as shown by dotted lines, when the 
projection lens involves a reel type distortion which 
is also a kind of symmetrical distortions. 

When the projection lens involves a curvature 
of field which ia a kind of aberrations, the pattern 
image partially shifts in a direction perpendicular to 
an exposure surface from a regular pattern image. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a 
projection exposure apparatus and a method in 
which influences of a partial shift of a pattern image 
on a substrate in at least one of directions along 
and perpendicular to an exposure surface from a 
regular pattern image are reduced or eliminated to 
obtain a higher resolution. 

Another object of this invention is to provide a 
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projection exposure apparatus in which influences 
of a symmetrical distortion of a projection lens are 
reduced or eliminated to obtain a higher resolution. 
Still another object of this invention is to pro- 

5 vide a projection exposure apparatus in which influ- 
ences of a curvature of field of a projection lens are 
reduced or eliminated to obtain a higher resolution. 

According to one aspect of the present inven- 
tion, a projection exposure apparatus in which a 

70 pattern formed on an original is imaged onto a 
substrate at a predetermined magnification to form 
a pattern image on the substrate, includes first 
support means for supporting the original; second 
support means for supporting the substrate; a pro- 

75 jection lens disposed between the first and second 
support means for imaging the pattern onto the 
substrate; obtaining means for obtaining a partial 
deviation of positions of portions of the pattern 
image from regular positions in at least one of 

20 directions along and perpendicular to a surface of 
the pattern image; and eliminating means for elimi- 
nating the partial deviation based on an output of 
the obtaining means by deforming at least one of 
the original and the substrate. 

25 According to another aspect of the present 

invention, a projection exposure apparatus in which 
a pattern formed on an original is imaged onto a 
substrate at a predetermined magnification to form 
a pattern image on the substrate, includes first 

30 support means for supporting the original; second 
support means for supporting the substrate; a pro- 
jection lens disposed between the first and second 
support means for imaging the pattern onto the 
substrate; deforming means for deforming the origi- 

35 nal in its surface direction; arithmetric means for 
calculating a deviation between an original geomet- 
ric shape of the pattern formed on the original and 
a geometric shape of the pattern image formed on 
the substrate; and control means for controlling the 

40 deforming means based on the deviation calculated 
by the arithmetric means so that the geometric 
shape of the pattern image is coincided with the 
original geometric shape of the pattern. 

According to third aspect of the present inven- 
ts tion, a projection exposure apparatus in which a 
pattern formed on an original is imaged onto a 
substrate at a predetermined magnification to form 
a pattern image on the substrate, includes first 
support means for supporting the original; second 

so support means for supporting the substrate; a pro- 
jection lens disposed between the first and second 
support means for imaging the pattern onto the 
substrate; measuring means for measuring respec- 
tive positions of image surfaces of plural detection 

55 marks formed on the original by use of an expo- 
sure light transmitted through the projection lens; 
curving means for curving an exposure surface of 
the substrate by displacing portions of the surstrate 

3 
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where the detection marks are transferred in a 
direction perpendicular to an exposure surface of 
the substrate; and driving means for driving the 
curving means based on the respective positions of 
image surfaces of the detection marks measured 5 
by the measuring means. 

According to fourth aspect of the present in- 
vention, a method for imaging a pattern formed on 
an original onto a substrate at a predetermined 
magnification to form a pattern image on the sub- 70 
strate using a projection lens in a projection expo- 
sure apparatus, includes the steps of: obtaining a 
partial deviation of positions of portions of the pat- 
tern image from regular positions in at least one of 
directions along and perpendicular to a surface of 75 
the pattern image; eliminating the partial deviation 
by deforming at least one of the original and the 
substrate based on a result obtained in the obtain- 
ing step; and imaging the pattern on the original 
onto the substrate using an exposure light transmit- 20 
ted through the projection lens. 

According to fifth aspect of the present inven- 
tion, a method for imaging a pattern formed on an 
an original onto a substrate at a predetermined 
magnification to form a pattern image on the sub- 25 
strate using a projection lens in a projection expo- 
sure apparatus, includes the steps of: measuring a 
manner of change of a symmerical distortion of the 
projection lens; calculating a deviation between an 
original geometric shape of the pattern formed on 30 
the original and a geometric shape of the pattern 
image formed on the substrate based on the man- 
ner of change of the symmetrical distortion of the 
projection lens measured in the measuring step; 
deforming the original in its surface direction based 35 
on the deviation calculated in the calculating step 
so that the geometric shape of the pattern image is 
coincided with the original geometric shape of the 
pattern on the original; and imaging the pattern on 
the original onto the substrate using an exposure 40 
light transmitted through the projection lens. 

According to sixth aspect of the present inven- 
tion, a method for imaging a pattern formed on an 
original onto a substrate at a predetermined mag- 
nification to form a pattern image on the substrate 45 
using a projection lens in a projection exposure 
apparatus, includes the steps of: providing plural 
detection marks on the original; measuring respec- 
tive positions of image surfaces of the plural detec- 
tion marks formed on the original by use of an so 
exposure light transmitted through the projection 
lens to detect a curvature of field of the projection 
lens; curving an exposure surface of the substrate 
by displacing portions of the substrate where the 
detection marks are transferred in a direction per- 55 
pendicular to the exposure surface of the substrate 
based on the respective image surfaces of the 
detection marks measured in the measuring step to 



compensate for the curvature of field of the projec- 
tion lens; and imaging the pattern on the original 
onto the substrate using the exposure light trans- 
mitted through the projection lens. 

These advantages and others will be more 
readily understood in connection with the following 
detailed description, claims and drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a representation illustrating a displace- 
ment with time of a focal point of a projection lens 
in a projection exposure apparatus. 

Fig. 2 is a representation illustrating a displace- 
ment with time of an image magnification of a 
projection lens in a projection exposure apparatus. 

Fig. 3A is a plan view illustrating a deformed 
pattern image due to a barrel type distortion of a 
projection lens. 

Fig. 3B is a plan view illustrating a deformed 
pattern image due to a reel type distortion of a 
projection lens. 

Fig. 4 is a schematic diagram of a first embodi- 
ment of a reduced projection exposure apparatus 
according to the present invention. 

Fig. 5 is a plan view illustrating a method for 
fixing a reticle by driving devices in the first em- 
bodiment of the present invention. 

Fig. 6 is a plan view illustrating a reticle and a 
circuit pattern deformed when expandable portions 
of driving devices are extended in the first embodi- 
ment of the present invention. 

Fig. 7 is a plan view illustrating a reticle and a 
circuit pattern deformed when expandable portions 
of driving devices are shrinked in the first embodi- 
ment of the present invention. 

Fig. 8 is a schematic diagram of a second 
embodiment of a reduced projection exposure ap- 
paratus according to the present invention. 

Fig. 9 is a schematic diagram of a third em- 
bodiment of a reduced projection exposure appara- 
tus according to the present invention. 

Fig. 10 is a plan view of a reticle shown in Fig. 
9 having detection marks thereon. 

Fig. 11 is a plan view of the detection mark 
shown in Fig. 10. 

Fig. 12A is a plan view of a wafer holder of the 
third embodiment. 

Fig. 12B is a partial cross-sectional view of a 
wafer holder of the third embodiment taken along a 
line A-A in Fig. 12A. 

Fig. 13 is a perspective view of a light receiv- 
ing device of the third embodiment. 

Fig. 14 is a plan view illustrating an arrange- 
ment of image sensors of a light receiving plate 
shown in Fig. 13. 

Fig. 15 is a graph illustrating an example of 
contrast profiles obtained by a difference detection 
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circuit shown in Fig. 9. 

Fig. 16 is a plan view illustrating another exam- 
ple of an arrangement of detection marks formed 
on a reticle. 

Fig. 17 is a plan view illustrating another exam- 
ple of an arrangement of image sensors formed on 
a light receiving plate to be used when the reticle 
of Fig. 16 is used. 

Fig. 18A is a plan view of a wafer holder of a 
fourth embodiment of the present invention. 

Fig. 18B is a partial cross-sectional view of a 
wafer holder of the fourth embodiment taken along 
a line A-A in Fig. 12A. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fig. 4 shows a first embodiment of a projection 
exposure apparatus according to the present inven- 
tion. This figure is a schematic view of a reduced 
projection type exposure apparatus for producing a 
semiconductor integrated circuit. 

In the first embodiment, ther are provided, as 
shown in Fig. 4, an illuminating device 1 for emit- 
ting an exposure light of ultraviolet light, a reticle 2 
having theron a circuit pattern 26 and having a 
desired shape (herein, a square as shown in Fig, 5 
for the convenience of explanation), a silicon wafer 
4 on which a pattern image of a reduced image of 
the circuit pattern 26 is to be formed, a projection 
lens 3 for imaging the circuit pattern 26 onto the 
silicon wafer 4 at a predetermined reduction ratio, a 
stage 5 on which the silicon wafer 4 is mounted 
and which controls the position of the silicon wafer 
4, a focal point controller 12 for controlling a cor- 
rection of a shift of a focal point of the projection 
lens 3, and an image magnification controller 13 for 
controlling a correction of a shift of an image 
magnification of the projection lens 3. 

The illuminating device 1 includes a light 
source for radiating light such as ultraviolet light, a 
shutter device, a condensor lens and the like. The 
reticle 2 and the silicon wafer 4 are disposed 
opposing each other in an optical axis of the expo- 
sure light radiated from the illuminating device 1. 
The projection lens 3 is disposed between the 
reticle 2 and the silicon wafer 4. The focal point 
controller 12 moves the stage 5 up and down 
according to a control signal for correcting the 
position a focal point output from an arithmetric or 
processing unit 11 explained below. The image 
magnification controller 13 adjusts an air pressure 
in a sealed space provided in the projection lens 3 
according to a control signal for correcting the 
image magnification output from the arithmetric unit 
11. 

In the first embodiment, there are further pro- 
vided four driving devices 20-23 which are respec- 
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tively means for deforming the reticle 2 in its 
surface direction, the arithmetric unit 11 which is 
means for calculating deviations between an origi- 
nal geometric shape (square) of the circuit pattern 

5 26 formed on the reticle 2 and a geometric shape 
of a pattern image formed on the silicon wafer 4, 
and a distortion controller 14 which is means for 
controlling four driving devices 20-23 to coincide 
the geometric shape of the pattern image with the 

70 original geometric shape of the circuit pattern 26. 

The arithmetric unit 11 includes a memory 10 
for storing first data which is obtained beforehand 
by measuring a relationship between a symmetrical 
distortion of the projection lens 3 and time lapsed 

75 from a start of exposure, and a timer 15 for mea- 
suring the time from the start of exposure. The first 
data is read out from the memory 10 by inputting 
into the memory 10 the time measured by the 
timer 15. Then, the unit 11 obtaines the deviation 

20 based on the thus read first data, and generates 
the control signal for correcting the distortion. 

Further, the memory 10 stores second and 
third data which are obtained beforehand by mea- 
suring displacements with time of the focal point 

25 and the image magnification of the projection lens 
3 (see Figs. 1 and 2). The arithmetric unit 1 1 reads 
the second and third data by inputting into the 
memory 10 the time from the start of exposure 
measured by the timer 15. The unit 11 generates 

30 the control signal for correcting a focal point and 
the control signal for correcting an image mag- 
nification based on the thus read second and third 
data. 

As shown in Fig. 5, four driving devices 20-23 

35 are fixed to central portions of four sides of the 
reticle 2. The driving devices 20-23 are respec- 
tively composed of expansible portions 20a-23a 
whose expansion or shrinkage amounts are con- 
trolled by the control signals from the distortion 

40 controller 14 and which consist of piezoelectric 
elements, and stationary portions 20b-23b for fixing 
the reticle 2. One end of each expansible portion 
20a-23a is fixed to a support frame 25 made of 
material of high regidity. The other end of each 

45 expansible portion 20a-23a is fixed to each station- 
ary portion 20b-23b. 

Therefore, as shown in Figs. 6 and 7, the 
reticle 2 is deformed inward in its surface direction 
by outputting the control signal from the distortion 

50 controller 14 to the expansible portion 20a-23a of 
each driving device 20-23. If the expansible por- 
tions 20a-23a are extended by an equal length 
according to the control signal, the reticle 2 is 
deformed to a reel shape as shown in Fig. 6. On 

55 the other hand, if the expansible portions 20a-23a 
are shrinked by an equal length according to the 
control signal, the reticle 2 is deformed to a barrel 
shape as shown in Fig. 7. At this time, the square 

5 
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circuit pattern 26 on the reticle 2 shown by hatch- 
ings in Fig. 5 is also deformed inwardly or out- 
wardly according to the deformation of the reticle 2 
as shown in Figs. 6 and 7. 

Next, the operation of the first embodiment will 
be explained. 

The exposure light (ultraviolet light) radiated 
from the illuminating device 1 illuminates the reticle 
2 uniformly, and the exposure light applied to a 
portion on which the circuit pattern 26 is formed 
transmits through the reticle 2, while a remaining 
exposure light is reflected by the reticle 2. The 
transmitted exposure light is reduction-projected by 
the projection lens 3 at a predetermined reduction 
ratio (normally 1/5 or 1/10). On the exposure sur- 
face of the silicon wafer 4, resist which is to be 
chemically changed by the exposure light is uni- 
formly coated. Therefore, the resist on a portion on 
which the transmitted exposure light applied is 
subjected to chemical reaction, so that the circuit 
pattern 26 is transferred onto the silicon wafer 4. 
Thus, the pattern image which is reduced from the 
circuit pattern 26 at the predetermined reduction 
ratio, is formed on the wafer 4. 

In the reduced projection exposure apparatus 
of the first embodiment, the displacement of the 
focal point, the shift of the image magnification and 
the symmetrical distortion of the projection lens 3 
arise. The degradation of resolution due to those 
factors are prevented in this embodiment in the 
following manner. 

(1) Prevention of adverse influences due to dis- 
placement of a focal point: 

When the exposure is started, the arithmetric 
unit 11 inputs time elapsed from the start of expo- 
sure measured by the timer 15 into the memory 10 
and the second data stored in the memory 10 (the 
shift with time from the start of exposure of the 
focal point of the projection lens 3 obtained by 
measurement) is read. Then, the focal point correc- 
tion control signal produced based on the thus read 
second data is output to the focal point control 
device 12. The focal point control device 12 moves 
the stage 5 up and down based on the focal point 
correction control signal, and adjusts the distance 
between the projection lens 3 and the stage 5 
according to the shift of the focal point of the 
projection lens 3. 

(2) Prevention of adverse influences due to shift of 
an image magnification: 

When the exposure is started, the arithmetric 
unit 11 inputs time elapsed from the start of expo- 
sure measured by the timer 15 into the memory 10 
and the third data stored in the memory 10 (the 



shift with time from the start of exposure of the 
image magnification of the projection lens 3 ob- 
tained by measurement) is read. Then, the image 
magnification correction control signal produced 

5 based on the thus read third data is output to the 
image magnification control device 13. The image 
magnification control device 13 chages the pres- 
sure of air in the sealed space provided in the 
projection lens 3 based on the image magnification 

io correction control signal, and adjusts the pressure 
of air in the sealed space according to the shift of 
the image magnification of the projection lens 3. 

(3) Prevention of adverse influences due to a sym- 
75 metrical distortion: 

When the exposure is started, the arithmetric 
unit 1 1 inputs time elapsed from the start of expo- 
sure measured by the timer 15 into the memory 10 
20 and the first data stored in the memory 10 ( the 
relationship between time from the start of expo- 
sure and the symmetrical distortion of the projec- 
tion lens 3 obtained by measurement) is read. 
Then, the distortion correction control signal pro- 
25 duced based on the thus read first data is output to 
the distortion control device 14. The distortion con- 
trol device 14 outputs control signals to the respec- 
tive driving devices 20-23 according to the distor- 
tion correction control signal, and deforms the re- 
30 tide 2 in its surface direction according to the 
symmetrical distortion of the projection lens 3. 
More in particular, the arithmetric unit 11 calculates 
from the first data read out from the memory 10 
the deviation between the original geometric shape 
35 (square) of the circuit pattern 26 formed on the 
reticle 2 and the geometric shape of the pattern 
image formed on the silicon wafer 4. If a barrel 
type distortion of the pattern image due to the 
barrel type distortion of the projection lens 3 (see 
40 Fig. 3A) is confirmed, the arithmetric unit 11 pro- 
duces a distortion correction control signal for in- 
structing that the reticle 2 be made reel-shaped as 
shown in Fig. 6. The distortion control device 14 
which receives the thus produced distortion correc- 
ts tion control signal outputs control signals to the 
respective driving devices 20-23 for extending the 
expansible portions 20a-23a by predetermined 
amounts. On the other hand, if the deviation is 
calculated based on the first data read from the 
so memory 10 and the reel type distortion of the 
pattern image due to the reel type distortion of the 
projection lens 3 (see Fig. 3B) is confirmed, the 
arithmetric unit 11 produces a distortion correction 
control signal for instructing that the reticle 2 be 
55 made barrel-shaped as shown in Fig. 7. The distor- 
tion control device 14 which receives the thus 
produced distortion correction control signal out- 
puts control signals to the respective driving de- 



11 



EP 0 480 616 A2 



12 



vices 20-23 for shrinking the expansible portions 
20a-23a by predetermined amounts. 

As a result, in this embodiment, even when the 
barrel-type or reel-type distortion of the pattern 
image formed on the silicon wafer 4 is created due 
to the symmetrical distortion of the projection lens 
3, the reticle 2 can be deformed in its surface 
direction and the circuit pattern 26 formed on the 
reticle 2 can be deformed so that the distortion of 
the pattern image is eliminated. Thus, adverse in- 
fluences due to the distortion of the pattern image 
formed on the silicon wafer 4 can be prevented. 

Therefore, in the reduced projection exposure 
apparatus of the first embodiment degradation of 
resolution due to a symmetrical distortion of the 
projection lens 3 as well as that due to shifts of a 
focal point of the projection lens 3 and an image 
magnification thereof can be prevented. 

Fig. 8 shows a second embodiment of a pro- 
jection exposure apparatus according to the 
present invention. This is a schematic view of a 
reduced projection type exposure apparatus for 
producing a semiconductor integrated circuit. 

The second embodiment differs from the first 
embodiment in the following points. First, there is 
provided, as shown in Fig. 8, a temperature sensor 
60 in a projection lens 33. An arithmetric unit 41 is 
connected to a memory 40 which stores first data 
obtained by measuring the relationship between a 
symmetrical distortion of the projection lens 33 and 
the temperature indicated by the sensor 60. The 
first data is read out by inputting the temperature 
indicated by the senor 60 into the memory 40, and 
the arithmetric unit 44 calculates the abovemen- 
tioned deviation based on the thus read first data to 
produce a distortion correction control signal. 

Further, the memory 40 stores second and 
third data which are obtained by measuring a rela- 
tionship between a shift of a focal point of the 
projection lens 33 and the temperatute and that 
between a shift of an image magnification of the 
projection lens 3 and the temperature, respectively. 
The arithmetric unit 41 reads the second and third 
data by inputting the temperature indicated by the 
sensor 60, and produces focal point correction and 
image magnification correction control signals 
based on the thus read second and third data. 

Also in the reduced projection exposure ap- 
paratus of the second embodiment, the displace- 
ment of the focal point, the shift of the image 
magnification and the symmetrical distortion of the 
projection lens 3 arise due to the absorption of part 
of the exposure light by the projection lens 33. The 
degradation of resolution due to those factors are 
prevented in this embodiment in the following man- 
ner. 

(1) Prevention of adverse influences due to dis- 



placement of a focal point: 

When the exposure is started, the arithmetric 
unit 41 takes in an output signal of the sensor 60 

5 and inputs into the memory 40 the temperature of 
the projection lens 33 indicated by this output 
signal, and the second data stored in the memory 
40 (the relationship between displacement of a 
focal point of the projection lens 33 and tempera- 

w ture indicated by the sensor 60 obtained by mea- 
surement) is read. Then, the focal point correction 
control signal produced based on the read second 
data is output to the focal point control device 42. 
The focal point control device 42 moves the stage 

75 35 up and down according to the focal point cor- 
rection control signal, and adjusts the distance be- 
tween the projection lens 33 and the stage 35 
according to the shift of the focai point of the 
projection lens 33. 

20 

(2) Prevention of adverse influences due to shift of 
an image magnification: 

When the exposure is started, the arithmetric 

25 unit 41 takes in an output signal of the sensor 60 
and inputs into the memory 40 the temperature of 
the projection lens 33 indicated by this output 
signal, and the third data stored in the memory 40 
{the relationship between temperature indicated by 

30 the sensor 60 and shift of an image magnification 
of the projection lens 33 obtained by measure- 
ment) is read. Then, the image magnification cor- 
rection control signal produced based on the read 
third data is output to the image magnification 

35 control device 43. The image magnification control 
device 43 chages the pressure of air in the sealed 
space disposed in the projection lens 33 based on 
the image magnification correction control signal, 
and adjusts the pressure of air in the sealed space 

40 according to the shift of the image magnification of 
the projection lens 33. 

(3) Prevention of adverse influences due to a sym- 
metrical distortion: 

45 

When the exposure is started, the arithmetric 
unit 41 takes in an output signal of the sensor 60 
and inputs into the memory 40 the temperature of 
the projection lens 33 indicated by this output 

50 signal, and the first data stored in the memory 40 ( 
the relationship between temperature indicated by 
the sensor 60 and a symmetrical distortion of the 
projection lens 33 obtained by measurement) is 
read. Then the distortion correction control signal 

55 produced based on the read first data is output to 
the distortion controller 44. The distortion control 
device 44 outputs control signals to respective driv- 
ing devices 50-52 (one driving device is noy shown 
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in Fig. 8) according to the distortion correction 
control signal, and deforms the reticle 32 in its 
surface direction according to the symmetrical dis- 
tortion of the projection lens 33. 

More in particular, the arithmetric unit 41 cal- 5 
culates from the first data read out from the mem- 
ory 40 the deviation between the original geometric 
shape (square) of the circuit pattern formed on the 
reticle 32 and the geometric shape of the pattern 
image formed on the silicon wafer 34. If a barrel 10 
type distortion of the pattern image due to the 
barrel type distortion of the projection lens 33 (see 
Fig. 3A) is confirmed, the arithmetric unit 41 pro- 
duces a distortion correction control signal for in- 
structing that the reticle 32 be deformed into a reel 75 
shape as shown in Fig. 6. The distortion control 
device 44 which receives thus produced dirtortion 
correction control signal outputs control signals to 
respective driving devices 50-52 for extending the 
expansible portions by predetermined amounts. On 20 
the other hand, if the deviation is calculated based 
on the first data read from the memory 40 and the 
reel type distortion of the pattern image due to the 
reel type distortion of the projection lens 33 (see 
Fig. 3B) is confirmed, the arithmetric unit 41 pro- 25 
duces a distortion correction control signal for in- 
structing that the reticle 32 be deformed into a 
barrel shape as shown in Fig. 7. The distortion 
control device 44 which receives thus produced 
dirtortion correction control signal outputs control 30 
signals to respective driving devices 50-52 for 
shrinking the expansible portions by predetermined 
amounts. 

As a result, also in this embodiment, even 
when the barrel-type or reel-type distortion of the 35 
pattern image formed on the silicon wafer 34 is 
created due to the symmetrical distortion of the 
projection lens 33, the reticle 32 can be deformed 
in its surface direction and the circuit pattern 
formed on the reticle 32 can be deformed so that 40 
the distortion of the pattern image is eliminated. 
Thus, the distortion of the pattern image formed on 
the silicon wafer 34 can be prevented. 

The position of the sensor 60 is preferablly in 
the vicinity of the optical axis of an exposure light 45 
where influence of the increase of temperature due 
to exposure appears most greatly. However, since 
the sensor 60 directly blocks the exposure light 
and an optical problem occurs if the sensor 60 is 
disposed in the vicinity of the optical axis, actually 50 
places where the influence of the increase of tem- 
perature due to exposure appears comparatively 
greatly are selected in an experimental manner or 
other manners from peripheral portions of the pro- 
jection lens 33 where the exposure light does not 55 
pass. Since the increase of temperature at thus 
selected position of the temperature sensor 60 
one-to-one corresponds to each of shifts of a focal 



point and an image magnification of the projection 
lens 33 and symmetrical distortion, their relation- 
ships are beforehand measured and the ab- 
ovementioned three data are stored in the memory 
40. 

In the above-discussed structure, there are pro- 
vided four driving devices as means for deforming 
a reticle in its surface direction, and central por- 
tions of four sides of a reticle are held by respec- 
tive driving devices, but the number of driving 
devices is not limited to four. 

Further, there is no need to extend or shrink 
respective expansible portions by an equal length. 
They may be extended or shrinked by different 
lengths. This is effective where, for example, a 
rectangular reticle is used. 

Although mechanical means is used in places 
where portions holding a reticle such as the driving 
devices shown in Fig. 5 are extended or shrinked, 
as means for deforming the reticle in its surface 
direction, other means may be used, for example, 
means for deforming a reticle into a desired shape 
by thermal expansion by controlling positions to 
which heat is given and its amount. 

Fig. 9 shows a third embodiment of a projec- 
tion exposure apparatus according to the present 
invention. This is a schematic view of a reduced 
projection type exposure apparatus for producing a 
semiconductor integrated circuit. 

The reduced projection exposure apparatus in- 
cludes an exposure system, an auto-focus system 
and a curvature-of-field correction system. 

In the exposure system, there are provided, as 
shown in Fig. 9, an illuminating device 101 for 
emitting an exposure light of ultraviolet light, a 
reticle 110 or an original having thereon a circuit 
pattern, a silicon wafer 102 or a substrate on which 
a pattern image of a reduced image of the circuit 
pattern is formed, a projection lens 103 disposed 
between the reticle 110 and the wafer 102 for 
imaging the circuit pattern onto the silicon wafer 
102 at a predetermined reduction ratio, a wafer 
holder 120 or substrate holder on which the silicon 
wafer 102 is held by vacuum attraction and a stage 
104 movable in X, Y and 2 directions and to which 
the wafer holder 120 is fixed. 

As shown in Fig. 10, there are provided on the 
reticle 110 nine detection marks 111i-111 9 which 
are arranged in three rows in respective X 
(meridional) and Y (sagittal)directions in the circuit 
pattern (not shown). Further, as shown in Fig. 11, 
the detection mark 1 11 1 includes six bar-charts 
112i-112 6 of about 3.5 u m width consisting of 
three bar-charts 112i-112 3 arranged in the meridi- 
onal direction and three bar-charts 112<-1126 ar- 
ranged in the sagittal direction. The other detection 
marks III2-IH9 are the same as the detection 
mark 1 1 1 , . 
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As shown in Fig. 12A, there are disposed suc- 
tion ports 123 for vacuum-attracting the wafer 102 
at respective portions of a chuck surface 122 
(where the wafer 102 is attracted) in the wafer 
holder 120 to which the detection marks IH1-III9 
are transferred. The portions on the central right 
side in Fig. 12A where nine suction ports 12331- 
123 3 3, 123ai-123*3 and 123si-123s3 are disposed 
respectively correspond to portions where nine de- 
tection marks IH1-IH9 are respectively trans- 
ferred by one shot of exposure. As shown in Fig. 
12B, there are provided in a body 121 of the wafer 
holder 120 an exhaust pipe 125 which is divided to 
connect each suction port 1 23s 1-1 23s 5 to a vacu- 
um sorce (not shown). The wafer 102 is attraction- 
held by the wafer holder 120 with its bottom sur- 
face being vacuum-attracted by the vacuum 
source. Further, in order to displace the portions of 
the wafer 102 where the detection marks 111 1-1119 
are transferred in the Z direction (a direction per- 
pendicular to the exposure surface of the wafer 
102) to curve the exposure surface of the wafer 
102, the wafer holder 120 has the following struc- 
ture. 

First, the body 121 of the wafer holder 120 is 
made of piezoelectric material such as PZT ce- 
ramic or the like. 

As shown in Fig. 12B, annular address elec- 
trodes 124s i-1 24s 5 having the same outer diameter 
as that of the suction ports 123si-123 S 5 are fixed to 
bottom surfaces of the suction ports 123si-123s5. 

Leads 12651-12655 are guided in the exhaust 
pipe 125 to connect the respective address elec- 
trodes 1245 1-1 24s 5 with a second driving circuit 
143 (see Fig. 9). 

A common electrode 127 is fixed to an entire 
bottom surface of the body 121. 

For example, when a voltage applied to the 
address electrode 124si by the second driver 143 
through the lead 12651 is changed, a portion of the 
body 121 between the address electrode 124si 
and the common electrode 127 is extended or 
shrinked according to the change of the voltage 
and a portion of the wafer 102 which is vacuum- 
attracted to the suction port 123si is displaced in 
the Z direction. 

The auto-focus system adopts a conventional 
off-axis system. As shown in Fig. 9, there are 
provided a projection optical device 1 31 for projec- 
ting non-exposure light on the exposure surface of 
the wafer 102 vacuum-attracted by the wafer holder 
120, a reception optical device 132 for receiving 
the non-exposure light reflected by the exposure 
surface of the wafer 102, an AF control device 133 
for detecting a positional shift of the wafer 102 in 
the Z direction based on an output signal of the 
reception optical device 132 and a first driving 
circuit 134 for moving the stage 104 in the Z 
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direction according to an output signal of the AF, 
control device 133. 

The curvature-of-field correcting system in- 
cludes an image-surface measuring means and a 

5 second driving circuit 143. The image-surface mea- 
suring means measures image surfaces of the re- 
spective detection marks 111i-111 9 formed on the 
reticle 110 by the exposure light passing through 
the projection lens 103, and consists of a reflection 

io mirror 141, a light receiving device 150 and an 
arithmetric circuit 142. The second driving circuit 
143 is a driving means for driving the curving 
means for curving the wafer holder 120 based on 
the respective positions of image surfaces of the 

75 detection marks III1-IH9 measured by the image 
surface measuring means. 

The reflection mirror 141 is disposed between 
the projection lens 103 and the wafer 102 at the 
time of an image surface measurement, and re- 

20 fleets the exposure iight passing through the pro- 
jection lens 103 at right angles to be incident on 
the light receiving device 1 50. 

As shown in Fig. 13, the light receiving means 
150 includes a stationary base 159, a fine stage 

25 158 mounted to the statinary base 159 slidably in 
the optical axial direction (the X direction) of the 
exposure light reflected by the reflection mirror 
141, a microscope 157 mouted on the fine stage 
158 for receiving the reflected exposure light, a 

30 light receiving plate 151 for receiving the exposure 
light passing through the microscope 157, an ac- 
tuator 155 for moving the light receiving plate 151 
in the optical axial direction by moving the fine 
stage 158 in the same direction and a laser linear 

35 encoder 156 for detecting the position of the light 
receiving plate 151 in the optical axial direction 
mounted to the stationary base 159. 

As shown in Fig. 14, there are provided nine 
CCD image sensors 152^-1529 at positions where 

40 the sensors can receive the exposure light which is 
reflected by the reflection mirror 141, passes 
through the microscope 157 and transmits through 
the detection marks III1-HI9. The microscope 
157 is disposed for enlarging the detection marks 

45 IH1-III9 (see Fig. 10) which consist of the six 
bar-charts 112i-112e of about 3.5 u m width to a 
size which can be detected by the CCD image 
sensors 152t-152 9 . 

The arithmetric circuit 142 (see Fig. 9) func- 

50 tions as arithmetric means for measuring the posi- 
tions of image surfaces of the detection marks 
IH1-III9 from outputs of the laser linear encoder 
156 and the CCD image sensors 152i-152 9 and 
outputting differences between the position of im- 

55 age surface of a reference detection mark 
(detection mark 1115) of one of the detection 
marks III1-IH9 and positions of image surfaces 
of the other detection marks 111i-111*, III6-IH9. 

9 
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Namely, the arithmetic circuit 142 calculates the 
contrast of the detection mark 111 5 at respective 
positions in the optical axial direction of the light 
receiving plate 151 from outputs of the laser linear 
encoder 156 and the CCD image sensor 152 5 , and 
obtains a contrast profile of the reference detection 
mark Ills as shown by a line 153s in Fig. 15. The 
arithmetric circuit 142 memorizes a position of the 
light receiving plate 151 where the contrast is maxi- 
mum as an image position of the reference detec- 
tion mark Ills. Similarly, contrast profiles as 
shown by lines 153i-153 4 , 153 G -153 9 in Rg. 15 are 
obtained from outputs of the laser linear encoder 
156 and the remaining CCD image sensors 152i- 
152+, 1526-152 9 , and respective positions of the 
light receiving plate 151 where the contrast is max- 
mum are adopted as respective image surfaces. 
Differences AXi- AX4, aXg- AX 9 are thus obtained 
from positions of the respective image surfaces 
and the image surface of the reference detection 
mark. 

Here, the respective contrast profiles can be 
calculated from light amounts in bright and dark 
parts of the detection marks 111i-111 3 received by 
the respective CCD image sensors 152i-152 9 . 

The operation of the third embodiment will be 
explained referring to Fig. 9. 

In the reduced projection exposure apparatus 
of the third embodiment, an exposure is conducted 
following operation processes as described below. 

(1) A curvature-of-field correction operation for 
preventing degradation of resolution due to vari- 
ations in curvature of field of the projection lens 
103. 

(2) An auto-focus operation for aligning an expo- 
sure surface of the wafer 102 with a focal point 
of the projection lens 103. 

(3) An exposure operation for transferring a cir- 
cuit pattern formed on the reticle 110 to the 
wafer 102. 

The auto-focus operation of (2) and the expo- 
sure operation of (3) are the same as conventional 
ones, so only the curvature-of-field correction op- 
eration of (1 ) will be explained. 

When the cuvature-of-field correction operation 
is started, an ultraviolet light of exposure light is 
radiated from the illuminating device 101 after the 
reflection mirror 141 is disposed between the pro- 
jection lens 103 and the wafer 102. The exopure 
light is reflected at right angles by the reflection 
mirror 141 to be incident on the light receiving 
device 150, but only part of the exposure light 
passing through the detection marks 111,-1 11 9 
formed on the reticle 110 (see Fig. 10) is received 
by the CCD image sensors 152i-152 9 formed on 
the light receiving plate 151 of the light receiving 
device 150 (see Fig. 14). The light receiving plate 
151 is moved in the X direction in Fig. 9 by the 
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actuator 155 while its position being detected by 
the laser linear encoder 156 (see Rg. 13). The 
arithmetric circuit 142 obtains the differences AX1- 
AX4, AX6- AX 9 between the image surface position 
5 of the reference detection mark 111 5 and the im- 
age surface positions of the remaining detection 
marks 111i-1in, 11V111 9 from the respective 
contrast profiles shown by the lines 1531-1533 in 
Fig. 15 calculated from outputs of the laser linear 
10 encoder 156 and the CCD image sensors 152i- 
152 9 . The differences are output into the second 
driving circuit 143. 

Here, consider a case where an area of the 
wafer holder 120 shown in Fig. 12A including nine 
75 suction ports 123 3 i-123 33 , 123 A1 -123*3, 123si- 
123 53 is exposed and the differences AX,- AX4, 
AXg- AX 9 other than three differences AX3, AXe. 
AX 9 obtained by the arithmetric circuit 142 are 
zero. In this case, the second driving circuit 143 
20 outputs voltages corresponding to the respective 
differences AX3, AXe, AX 9 to three leads 126si, 
12652, 126s 3. At this time, portions of the body 121 
of the wafer holder 120 where three suction ports 
123 5 i, 123&2, 123 53 are disposed are extended or 
25 shrinked according to changes of the voltages ap- 
plied between three address electrodes 124s 1f 
124s2, 124s 3 to which the leads 126 5ll 126s 2 , 
12653 are conncted and the common electrode 
127. Thus, portions of the wafer 102 vacuum-at- 
30 tracted to the chuck surface 122 of the wafer 
holder 120 are displaced in a direction perpendicu- 
lar to the exposure surface of the wafer 102, and 
hence the exposure surface of the wafer 102 is 
curved so that the shift of curvature of field of the 
35 projection lens 103 is compensated for. 

After the above-discussed curvature-of-field 
correction operation is completed, the auto-focus 
operation of the above-noted (2) is performed to 
align the exposure surface of the wafer 102 with 
40 the focal point of the projection lens 103. Then, the 
exposure operation of the above-noted (3) is con- 
ducted to transfer the circuit pattern formed on the 
reticle 110 onto an area of the wafer 102 vacuum- 
attracted by the suction ports 123 3 i-123 33 , 123*1- 
« 123 +3 ,1235i-12353. 

When an ideal imaging performance should 
always be obtained even if throughput is a little 
lowered, the above-noted operations (1)-(3) are re- 
peated each time the exposure area is changed by 
50 moving the stage 104 in the X and Y directions in 
Fig. 9. On the other hand, where the increase of 
throughput is desired even if the imaging perfor- 
mance is a little sacrificed, only the above-noted 
operation (3) is repeated to transfer the circuit 
55 pattern onto an entire surface of the wafer 102 after 
the curvature-of-field correction operation (1) and 
the auto-focus operation (2) are completed. 

Fig. 16 shows another arrangement of detec- 

10 
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tion marks formed on a reticle. 

Although nine detection marks 111i-111 9 are 
formed on the reticle 110 to detect the curvature of 
field of the projection lens 103 in the embodiment 
shown in Fig. 9, nine detection marks are not 
necessarily required. For example, when the cur- 
vature of field of the projection lens 1 03 is approxi- 
mately deemed to have a symmetry of 90 degrees 
with respect to rotation, it is sufficient to form four 
detection marks 1 71 1 -1714 on the side area of a 
reticle 170 as shown in Fig. 16 to detect the 
curvature of field. In this case, the number of CCD 
image sensors 182i-1824 formed on a light receiv- 
ing plate 1 81 for detecting the image surface posi- 
tions of the detection marks 1 71 1 -171 4 may be four 
as shown in Rg. 17, so that the processing in the 
arithmetric circuit 142 becomes easy and hence 
throughput can be improved. 

Figs. 18A and 18B show another structure of a 
wafer holder. 

In a wafer holder 190 of Figs. 18A and 18B, a 
body 191 is made of material of great rigidity and 
has an outer peripheral wall 191, and pins 194 of a 
rod-like metal are provided on portions of a chuck 
surface 192 where the detection marks III1-IH9 
are transferred A wafer 198 is attracted and held 
with its bottom surface being in contact with the 
outer peripheral wall 191, and the pins 194. In 
order to vacuum-attract the wafer 198, there is 
provided in the body 191 an exhaust pipe 196 for 
connecting eight suction ports 193i-193a symmet- 
rically disposed at a cetra! portion of the chuck 
surface 192 with a vacuum source (not shown). 

Further, there are provided between the pins 
194 and the chuck surface 192 actuators 195si- 
19555 such as piezo elements which are finely 
displaceable for acting as curving means for curv- 
ing the exposure surface of the wafer 198 to elimi- 
nate the curvature of field of the projection lens 
103, as shown in Fig. 18B. 

Next, a curvature-of-field correction operation 
will be explained in a case where the wafer holder 
120 of Figs. 12A and 12B is replaced by the wafer 
holder 190 in the projection exposure apparatus of 
Fig. 9. 

In this projection exposure apparatus, the ac- 
tuators 19551-19555 are connected to the second 
driving circuit 143 of Fig. 9 through leads (not 
shown), and their displacements are controlled by 
the second driving circuit 143. 

When the cuvature-of-field correction operation 
is started, an ultraviolet light of exposure light is 
radiated from the illuminating device 101 after the 
reflection mirror 141 is disposed between the pro- 
jection lens 103 and the wafer 198. The exposure 
light is reflected at right angles by the reflection 
mirror 141 to be incident on the light receiving 
device 150, but only part of the exposure light 



passing through the detection marks III1-IH9. 
formed on the reticle 110 (see Fig. 10) is received 
by the CCD image sensors 152i-152 9 formed on 
the light receiving plate 151 of the light receiving 

5 device 150 (see Fig. 14). The light receiving plate 
151 is moved in the X direction in Fig. 9 by the 
actuator 155 while its position being detected by 
the laser linear encoder 156 (see Fig. 13). The 
arithmetric circuit 1 42 obtains the differences A X1 - 

10 A X*, A Xg- A X9 between the image surface 
position of the reference detection mark 111s and 
the image surface positions of the remaining detec- 
tion marks IH1-HI4, 11 16-11 19 from the respec- 
tive contrast profiles shown by the lines 153i-153s- 

T5 in Fig. 15 calculated from outputs of the linear 
encoder 156 and the CCD image sensors 152i- 
152 9 . The differences are output into the second 
driving circuit 143. 

Here, consider a case where an area of the 

20 wafer holder 190 shown in Fig. 18A including nine 
pins 194 3 i-19433, 19441-194*3, 1945i-194s3 is ex- 
posed and the differences A Xr A X*. A Xs- A Xg 
other than three differences A X3, A Xs, A X? 
obtained by the arithmetric circuit 142 are zero. In 

25 this case, the second driving circuit 143 outputs 
voltages corresponding to the respective differ- 
ences A X3,- A Xs, A X9 to three actuators 195si, 
19552, 1955 3 shown in Fig. 18B. At this time, the 
actuators 195si, 195s2, 195s3 are extended or 

30 shrinked according to changes of the voltages and 
portions of the wafer holder 190 which are in con- 
tact with three pins T94si, 194s2. 194s3 are dis- 
placed in a direction perpendicular to the exposure 
surface. Thus, the exposure surface of the wafer 

35 198 is curved so that the shift of curvature of field 
of the projection lens 103 is compesated for. 

In the above-discussed embodiments, the laser 
linear encoder 1 56 is used to detect the position of 
the light receiving plate 151, but a laser inter- 

40 ferometer may be used to improve an accuracy of 
detection. 

The present invention can be applied to any 
type of projection exposure apparatus in which a 
pattern formed on an original is imaged onto a 

45 substrate at a predetermined ratio to form a pattern 
image on a substrate using a projection lens dis- 
posed between the original and the substrate. 

While there have been shown and described 
what are considered preferred embodiments of the 

50 present invention, it will be apparent to those 
skilled in the art that various changes and modifica- 
tions may be made therein without departing from 
the invention as defined by the following claims. 

55 Claims 

1. A projection exposure apparatus in which a 
pattern formed on an original is imaged onto a 
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substrate at a predetermined magnification to 
form a pattern image on the substrate, said 
apparatus comprising: 

first support means for supporting the 
original; 5 

second support means for supporting the 
substrate; 

a projection lens disposed between said 
first and second support means for imaging 
the pattern onto the substrate; 10 

deforming means for deforming the origi- 
nal in its surface direction; 

arithmetric means for calculating a devi- 
ation between an original geometric shape of 
the pattern formed on the original and a geo- 75 
metric shape of the pattern image formed on 
the substrate; and 

control means for controlling said deform- 
ing means based on the deviation calculated 
by said arithmetric means so that the geomet- 20 
ric shape of the pattern image is coincided 
with the original geometric shape of the pat- 
tern. 

2. A projection exposure apparatus according to 25 
claim 1, wherein said arithmetric means com- 
prises a memory for storing data which are 
obtained by measuring a relationship between 
a symmetrical distortion of the projection lens 
and time elapsed from a start of exposure, and 30 
a timer for measuring the time elapsed from 
the start of exposure, and wherein said arith- 
metric means reads the data by inputting into 
said memory the time measured by said timer 
and calculates based on the read data the 35 
deviation between the original geometric shape 
of the pattern formed on the original and the 
geometric shape of the pattern image formed 
on the substrate. 

40 

3. A projection exposure apparatus according to 
claim 1 , wherein said arithmetric means com- 
prises a temperature sensor disposed at the 
projection lens and a memory for storing data 
which are obtained by measuring a relationship 45 
between a symmetrical distortion of the projec- 
tion lens and temperature indicated by said 
sensor, and wherein said arithmetric means 
reads the data by inputting into said memory 
the temperature indicated by said sensor and 50 
calculates based on the read data the deviation 
between the original geometric shape of the 
pattern formed on the original and the geomet- 
ric shape of the pattern image formed on the 
substrate. 55 

*. A projection exposure apparatus in which a 
pattern formed on an original is imaged onto a 



substrate at a predetermined magnification to 
form a pattern image on the substrate, said 
apparatus comprising: 

first support means for supporting the 
original: 

second support means for supporting the 
substrate; 

a projection lens disposed between said 
first and second support means for imaging 
the original onto the substrate; 

measuring means for measuring respec- 
tive positions of image surfaces of plural de- 
tection marks formed on the original by use of 
an exposure light transmitted through said pro- 
jection lens; 

curving means for curving an exposure 
surface of the substrate by displacing portions 
of the surstrate where the detection marks are 
transferred in a direction perpendicular to an 
exposure surface of the substrate; and 

driving means for driving said curving 
means based on the respective positions of 
image surfaces of the detection marks mea- 
sured by said measuring means. 

5. A projection exposure apparatus according to 
claim 4, wherein said measuring means com- 
prises a reflection mirror to be interposed be- 
tween the projection lens and the substrate at 
a time of measuring the positions of image 
surfaces of the detection marks for reflecting 
the exposure light trnasmitted through the pro- 
jection lens at right angles, light receiving 
means for receiving exposure lights transmit- 
ted through the detection marks out of the 
exposure light reflected by the reflection lens 
moving means for moving the light receiving 
means in a direction of an optical axis of the 
exposure light reflected by the reflection mir- 
ror, detection means for detecting the position 
of the light receiving means in the direction of 
the optical axis, arithmetric means for measur- 
ing the positions of image surfaces of the 
detection marks based on outputs of said light 
receiving means and said detection means and 
outputting to said driving means differences 
between the position of image surface of a 
reference detection mark of one of the detec- 
tion marks and the positions of image surfaces 
of the other detection marks. 

6. A projection exposure apparatus in which a 
pattern formed on an original is imaged onto a 
substrate at a predetermined magnification to 
form a pattern image on the substrate, said 
apparatus comprising: 

first support means for supporting the 
original; 
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second support means for supporting the 
substrate; 

a projection lens disposed between said 
first and second support means for imaging 
the pattern onto the substrate; 5 

obtaining means for obtaining a partial de- 
viation of positions of portions of the pattern 
image from regular positions in at least one of 
directions along and perpendicular to a surface 
of the pattern image; and w 

eliminating means for eliminating the par- 
tial deviation based on an output of said ob- 
taining means by deforming at least one of the 
original and the substrate. 

75 

7. A method for imaging a pattern formed on an 
original onto a substrate at a predetermined 
magnification to form a pattern image on the 
substrate using a projection lens in a projection 
exposure apparatus, said method comprising 20 
the steps of: 

measuring a manner of change of a sym- 
merical distortion of the projection lens; 

calculating a deviation between an original 
geometric shape of the pattern formed on the 25 
original and a geometric shape of the pattern 
image formed on the substrate based on the 
manner of change of the symmetrical distortion 
of the projection lens measured in said mea- 
suring step; 30 

deforming the original in its surface direc- 
tion based on the deviation calculated in said 
calculating step so that the geometric shape of 
the pattern image is coincided with the original 
geometric shape of the pattern on the original; 35 
and 

imaging the pattern on the original onto 
the substrate using an exposure light transmit- 
ted through the projection lens. 

40 

8. A method for imaging a pattern formed on an 
original onto a substrate at a predetermined 
magnification to form a pattern image on the 
substrate using a projection lens in a projection 
exposure apparatus, said method comprising 45 
the steps of: 

providing plural detection marks on the 
original; 

measuring respective positions of image 
surfaces of the plural detection marks formed 50 
on the original by use of an exposure light 
transmitted through the projection lens to de- 
tect a curvature of field of the projection lens; 

curving an exposure surface of the sub- 
strate by displacing portions of the substrate 55 
where the detection marks are transferred in a 
direction perpendicular to the exposure surface 
ot the substrate based on the respective image 



surfaces of the detection marks measured in 
said measuring step to compensate for the 
curvature of field of the projection lens; and 

imaging the pattern on the original onto 
the substrate using the exposure light transmit- 
ted through the projection lens. 

9. A method for imaging a pattern formed on an 
original onto a substrate at a predetermined 
magnification to form a pattern image on the 
substrate using a projection lens in a projection 
exposure apparatus, said method comprising 
the steps of: 

obtaining a partial deviation of positions of 
portions of the pattern image from regular po- 
sitions in at least one of directions along and 
perpendicular to a surface of the pattern im- 
age; 

eliminating the partial deviation by deform- 
ing at least one of the original and the sub- 
strate based on a result obtained in said ob- 
taining step; and 

imaging the pattern on the original onto 
the substrate using an exposure light transmit- 
ted through the projection lens. 

10. A method or apparatus for projecting an image 
from an original onto an object surface in 
which at least one of the original and the 
object surface is physically distorted to com- 
pensate for optical distortion in the projection 
system. 

11. A method or apparatus according to claim 10 
in which the physical distortion comprises flex- 
ing the original or the object surface. 

12. A method or apparatus according to claim 10 
or claim 11 in which the physical distortion 
comprises compressing or expanding the origi- 
nal or the object surface. 

13. A method or apparatus according , to any of 
claims 10 to 12 in which the optical distortion 
comprises non-uniformity of magnification or 
reduction of the original in the image. 

14. A method or apparatus according to any of 
claims 10 to 13 in which the optical distortion 
comprises non-planarity of the surface of focus 
of the image. 
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© A projection exposure apparatus which images a 
pattern (26) formed on an original (2) onto a sub- 
strate (4) at a predetermined magnification to form a 
pattern image on the substrate, includes an original 
support member (25), a substrate support member 
(5), and a projection lens (3) disposed between 
these support members for imaging the pattern onto 
the substrate. In the projection exposure apparatus, 
a partial deviation of positions of portions of the 
pattern image from regular positions are obtained in 
at least one of directions along and perpendicular to 
a surface of the pattern image, and the partial de- 
viation is eliminated by deforming at least one of the 
original and the substrate based on the thus ob- 
tained result. 
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Abstract of the Disclosure 
A catadioptric projection objective for microlithography with at least 
curved mirror that is deformable and adjusting elements that can deform the 
definable mirror, in which the adjusting elements are matched to given image 
errors and their correction. The invention is suitable for astigmatism, fourfold 
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